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信道描述成 ISI 已知的 PR 波形。 








BCJR 检测器采用适合硬件实现的改进的 max-log-MAP 算法，通过对分支度
量、前向度量、后向度量与对数似然值公式的分解，设计其原理图，引入迭代机
制，增强 BCJR 检测器的译码性能。 
本文 后分别对高斯随机数发生器、BCJR 检测器与磁记录测试平台进行仿
真。对比软硬件 BPSK 调制在磁记录信道下的性能，验证了该平台可以在 BER





















Information bit is mainly stored in the disk. One way to increase disk capacity is 
adopting error-correcting code with superior performance. To explore channel code 
behavior at very low bit error rates, we need a hardware-based test platform of 
magnetic recording system . Normally, a magnetic recording channel can be regarded 
as a “partial-response” channel because of its inherent differentiation in the readback 
process. 
We define our channel as an EPR4 channel with AWGN, carrying BCJR decoder 
to eliminate influence of ISI. Through researching on Gaussian random number 
generator and BCJR decoder, respectively, a fast magnetic recording system test 
platform is formed. 
Box-muller algorithm which we use in the paper is error-freely transformed from 
Gaussian probability distribution function. MT19937 algorithm is used to generate 
two sets of 32bits uniformly distribution random number. Central limit theorem in the 
end is added to optimize Gaussian random number. Piecewise polynomial 
approximation is chosen to compute trigonometric and logarithmic functions. With 
help of the hierarchical segmentation method and value decomposition method, 
resource consumption is highly reduced. The introduction of the fitting error makes 
error reduced by half. 
Improved max-log-MAP algorithm suitable for hardware implementation is 
adopted to realize BCJR decoder. To resolve of formula of branch metrics, forward 
metrics, backward metrics and log-likelihood value, the schematic is easily to be 
designed. With the introduction of the iterative mechanism, decoding performance of 
the BCJR detector is highly enhanced. 
We simulate the Gaussian random number generator, BCJR decoder and 














test platform with software-based test platform, we illustrate that one can explore 
channel code behavior on our test platform at BER in the range of 10-9~10-10. 
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求，磁盘驱动工业证实了这一点，磁盘容量已从 90 年代初的 1Gb 到如今的 6Tb，
番了数十倍。如何提高磁盘容量成为了热点问题。从图 1-1 可以看出，磁盘容量
与磁头和介质技术、信号处理技术、纠错码这三大技术具有着直接的关系，任一
项技术的改进都可以进一步提升容量。20 世纪 90 年代至今，磁盘容量平均以 60%
的年复合增长率增长正是得益于磁阻磁头技术的发明和部分响应 大似然





图 1-1 磁盘存储系统读处理电路的基本框图 
 
随着磁盘容量的增大，磁头读出信号的信噪比（Signal Noise Rate，简称 SNR）
将减小，这样会导致信号处理单元输出的误比特率（Bit Error Rate，简称 BER）




















间是以指数式增长的。以产生加性高斯白噪声（Additive White Gaussian Noise,
简称 AWGN）为例： 
 
表 1-1 PC 与 FPGA 仿真时间的对比 
实现语言 C Language Verilog 
仿真机器 双核的奔腾3.0GHz 处理器 PC 50MHz speed FPGA
109数据量所需时间 2.5小时 20秒 
1015数据量所需时间 280年 22天 
 
如表 1-1 所示，软件端采用 C 语言，运行于主频为 3.0GHz 的双核奔腾 PC
机，硬件端采用 50MHz 频率的 Field-Programmable Gate-Array（FPGA）。按照
100 个错误统计的要求，若 BER 要达到 10-7，则需要 109 的仿真数据量，软件端
所需的仿真时间为 2个小时 30分钟，硬件端则只需要 20秒便可得到所需数据量。
如若想用 PC 测试编译码方案在 BER 为 10-13 处的性能，此时需要数据量将达到
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